industrial wastewater channels are more exposed to the worst health effects of these contaminants. The economic perspective on health focuses on the quantifi cation of these health effects, which reduce their utility. The presence of heavy metal contamination and disease association is a fact proven by chemists, environmentalists, and epidemiologists. Experts in the natural sciences have also done a lot to establish the relationship between heavy metal pollution, its exposure, and health [11] [12] [13] [14] [15] . However, for the quantifi cation of these health impacts, the costs of illness and prevention cost are required to be valued in monetary terms.
Multiple economic approaches have been devised for the quantifi cation of health damage caused by environmental pollution [16] [17] [18] . These approaches include revealed preferences, stated preferences, contingent valuation, willingness to pay, etc. The fundamental ingredient for such an evaluation of health impacts is the health production function or dose response function. The health production function has been used to study the relationships among the pollution, illness, willingness to pay, and avertive expenses [19] [20] [21] .
Cost of illness can be quantifi ed by calculating loss of productivity, workdays lost, opportunity cost, and expenditures on medical treatment. Whereas the avertive cost estimation is based on all the precautionary measures to avoid the lethal effects of heavy-metal pollution. Applications and strengths of avertive expenditure techniques are particularly useful to reduce the level of discomfort arising from externalities, to estimate the willingness to pay, and to estimate the actual costs or benefi ts of drinking water quality [22] [23] [24] . However, avertive expenditures are defi ned differently for various types of pollution [25, 26] . Cost of illness and avertive costs approaches have also been used to estimate the welfare gains of air pollution reduction, arsenic removal from drinking water, and cement air pollution using health production function [26] [27] [28] [29] [30] [31] .
This study quantifi es the environmental impact of Pb contamination in household drinking water in Dingi village, district Haripur, Pakistan. This village is situated in the southern part of Haripur district ( Fig. 1) , on the downstream banks of a wastewater channel named Jhar, which carries the untreated waste of the Hattar Industrial Estate (HIE) [32] . Our study is an attempt to quantify household damage due to industrial wastewater contamination in economic perspectives. Using the health production function, we estimated a marginal willingness to pay by calculating the medical and avertive expenditures incurred by the household. Finally, the welfare loss to the community was estimated. For econometric estimation, a probit model was applied to estimate the probability of sickness, plus medical and avertive costs. We also calculated the opportunity cost for leisure and avertive measures.
Methodology

Village Profi le
Dingi village is highly prone to heavy metal (i.e., Pb) contamination because of its geographical location ( Fig. 1) surrounding HIE. This estate was developed in different phases. Installation of infrastructure facilities was fi nished at the end of 1989. An area of 700 acres was allotted to different industries such as ghee, fertilizer, chemical (sulfuric acid manufacturing plant and synthetic fi ber manufacturing plant), and textiles. Currently 288 units of HIE are functioning. A major chunk of the population is living on the southern bank of the wastewater channel that carries the untreated industrial waste (Table 1) .
Sampling Design
Sampling design was comprised of primary data collected in three stages: i) Water sampling from the wastewater channel, ii) water sampling from households drinking water sources, and iii) household survey for relevant information through a customized questionnaire. Arc-GIS software was used to map the sampling area. Total area of Dingi is 0.2798 km 2 (Table 1) , whereas the community living around the wastewater channel is scattered over an area of 0.19 km 2 . Geographically, the community occupies an area 500 m from the wastewater channel. Therefore, the entire population was distributed in three buffer zones: 100 m, 200 m, and 350 m (Table 2 ) from the wastewater channel. Sampling points were obtained on GPS coordinates (Fig. 1) . Water samples were collected as per standard protocol. Pb concentration was determined by an atomic absorption spectrometer (Model AA700 PerkinElmer, USA).
Pilot Survey and Household Sampling
A pilot survey was also conducted on-site with an aim to establish the basis for research questions and also to avoid bias in primary data collection. Certain limitations were expected, like a negative response about the presence of contamination, especially from those respondents who were directly employed in nearby industry. This bias was reduced through repeated water sampling of households, although their percentage was not enough to create bias. The other limitation was availability of respondents due to work. So Friday was chosen for collecting the data from a maximum number of respondents because the majority (90%) offer an obligatory Friday prayer, which resulted in a response rate above 80%.
A household survey ( Table 2 describes the sampling design for the collection of data pertaining to water quality and household health information. The community living around the industrial wastewater channel was distributed into three zones of various distances. Sampling zones 1, 2, and 3 were 100, 200, and 350 m, respectively, from the industrial wastewater channel (Fig. 1) . With respect to the proportion of the population, 132 households were selected from zone 1, 99 from zone 2, and 231 from zone 3. For water quality we obtained 35 samples of household drinking water for each zone. It is evident from Table 2 that households living away from the wastewater channel have a lower percentage of sickness, i.e., 79% in zone 1, 55% in zone 2, and 12% in zone 3. We applied an econometric estimation based on economic theory (health production function) to investigate the relationship between a household's health and other factors.
Estimating Health Production Function (Probit Model)
The dependent variables of sickness, avertive expenditures, and medical costs are used as the binary variables in this model. Econometric estimation based on theoretical framework was carried out, and the probability of sickness was calculated using the probit model (Table 5) . These probability estimations were obtained using a probit model by maximizing the following log-likelihood function: …where x is a vector of independent variables and β s are the coeffi cients that include: -Individual-level information such as age measured in years; -Education measured in fi ve stages (primary, middle, high school, intermediate, and above); -Monthly income (PKR); -Lead concentration (mgL Fundamental requirement for empirical analysis was to determine the probability of sickness defi ned in the following equation:
…where A is the wi*WDL*Pi(S/∆C), which measures the marginal impact in terms of income loss due to change in the level of exposure to lead (∆C); B is the M*Pi(M/∆C) that measures the marginal changes in medical costs due to changes in exposure to lead (∆C); and C is the A*Pi(A/∆C), which measures the marginal effect on avertive expenditures at the individual level due to changes in exposure to lead (∆C). The resource opportunity cost is also called the cost of illness, which accounts for real cost in terms of productivity loss and the increase in the resources used for medical care.
The environmental effects of water contamination on health can reduce people's well-being through the following channels: -Cost of disease treatment due to changes in environmental quality, and the opportunity cost of time on treatment (direct cost); -Loss of wages during illness (indirect cost); -Averting or defensive expenditures and activities associated with attempts to prevent diseases caused by the environmental quality changes.
Results
Descriptive Statistics
The community's exposure was determined in fi ve areas: drinking, bathing, cooking, washing, and religious cleanliness (ablution) ( Table 3 ). The average exposure was 3.36 out of 5, which meant people were highly exposed to the contaminated water. Out of total households, 45% adopted one or more avertive measures. Location variable refl ected that most of the people were residing in zones 1 and 2 of our sampled area, which meant 65% of the population was residing within a 200 m radius of the wastewater channel. Based on the responses to the questions set in the questionnaire, 38% of households had the means of communication and pollution awareness; whereas 49% of people perceived the higher risk of illness, but their perception was due to their specifi c concern over lead contamination and its fatal effects. Among bad habits, 19% of people had a smoking habit.
The average age of the respondents in the surveyed household was 40 years. Sickness refl ects the percentage of the household among the sample of 350. It was found that 54% of households were suffering from one or more renal diseases. A large number of households was found to be on daily wages; therefore, the average income of the household was calculated as PKR19,460 per month ($191). Education of the household was determined in fi ve stages: 1) primary, 2) middle, 3) high school, 4) intermediate, and 5) above. Table 3 showed that average education level of the household in Dingi was 1 and 2, implying that the average household is middle. Pb is the industrial contaminant from the wastewater channel and has been found in household drinking water. Average concentration of lead in the drinking water of the household is 0.25 mg L -1 , 0.18 mg L -1, and 0.07 mg L -1 in zones 1, 2, and 3, respectively (Table 4 ). Medical cost is the out-of-pocket cost incurred by the household on illness caused by water contamination. It was found that 54% of households incurred medical costs. Avertive cost was the cost incurred by the household on adoption of one or more avertive measures. The avertive measures were adopted by 45% of households, thereby 45% of households incurred the avertive cost.
Level of Pb Contamination
All the samples from the wastewater channel and from household drinking water were found to exceed safe limits of Pb contamination standard value (0.05) set by WHO for Pakistan (Table 4) . Lead contamination has also been reported to be fatal in tap water [33] , and young children have been exposed to water containing Pb [34] .
Estimating Probability of Sickness
Using the probit model, probability of sickness (dose response function) and the marginal effects of various factors on the dependent variable of sickness were calculated with respect to the change in Pb concentration in drinking water. This showed the effect on changes in the probability of reducing the incidence of Pb-related sickness when Pb-contaminated water was replaced with safe mode. Table 5 showed that a 19% reduction in the probability of sickness for the one unit decreased in the Pb concentration in drinking water source. It measures the benefi t in terms of disease prevalence reduction by bringing the quality of water to "safe mode." Five kinds of activities defi ne Pb exposure to the household, which is consuming water, bathing, ablution, cooking, and washing. The Muslim practice of ablution was found to be a major contributor to Pb exposure because people took water into their mouths fi ve times daily, which might be ingested coming in contact with gums and throat, thereby causing black gums and diseases.
It was revealed that exposure to contaminated water had a positive sign with probability of sickness and describes the reduction of sickness by 8% upon the one unit increase of exposure. The location of a residence in relation to the wastewater channel also plays a highly signifi cant role for disease prevalence, which indicates 16% probability of sickness per unit change of distance. Households closer to the wastewater channel have more probability of sickness and vice versa. On the part of households, the study shows the ineffectiveness of education in bringing about a change in sickness (Table 5 ). In the study area, people take the avertive measures assuming two signifi cant factors: general knowledge of pollution (POLAWAR) and specifi c knowledge of contaminants (Pr, perception of risk). Our estimates show that POLAWAR and Pr play important roles in the reduction of probability of sickness by 18% and 6%, respectively. Avertive measures also play a vital role in the reduction of sickness. One unit change in adopting the avertive measures brings 18% change in the probability of sickness. Signs of all the signifi cant variables were consistent to the theory.
Probability of Medical Costs
Medical expenses are those which are incurred by the household due to Pb-induced illness. They were estimated using the probit model (Table 6) .
Mitigating activities refer to the measures taken after illness for the reduction of disease and its after-effects. They include various components of expenditures: visits to the doctor, consultancy fees, pathological tests, treatment, hospital fees, transportation costs, etc. The probability of medical expenses of the household can be reduced by 13% for a one-unit change in Pb concentration in drinking water, whereas 16% if the household is located away from the contaminated source (Table 6 ). Avertive measures contribute a vital role in reducing the probability of medical expenditure by 17% because people adopt avertive measures as a last resort. Since they cannot move away they have made a decision to live with the risks and believe in avertive measures to avoid sickness. As in probability of sickness, pollution awareness and perception of risk have a signifi cant impact in reducing the probability of incurring medical expenditure by 20% and 9%, respectively. Income and education of the household are not signifi cant because the village has a different culture compared to an urban community. Living in a joint family system is a village custom. Therefore, they borrow money from relatives, sell items, or draw money from a common pool managed at the community level.
Probability of Avertive Costs
Household avertive action decisions were based on three steps: 1. Whether or not to take avertive action.
2. Choosing the number and type. 3. Deciding on the amount of avertive expenditure.
Explanatory variables explaining avertive expenditures include location relative to the wastewater channel, Pb contamination in drinking water, knowledge of how pollution pertains to waterborne disease, risk perception and exposure to Pb contamination, level of education, avertive measures, and medical costs.
Avertive activities are the adoptions made by the household to prevent the impact of Pb contamination. Avertive measures adopted by the household include boiling water, chlorination, purchasing bottled water, and a fi lter cartridge. However, installing fi lter cartridges was expensive. But the most frequently used, effective, and cheapest measure was boiling water at the household level. Chlorination is also less expensive but it was not as popular as boiling water.
Household avertive decisions were considered as a two-step process in Dingi village. A probit regression model was used to determine factors that infl uence avertive actions. The dependent variable was equal to one if the household took at least one avertive action against Pb contamination, and zero in the case of no action. Table  7 shows the coeffi cient values and the marginal effects associated with the avertive measures. Table 7 shows that pollution awareness, risk perception, income, and formal education play a signifi cant role in determining avertive cost. However, the lowest impact is observed for education among all the variables. A one-unit increase in pollution awareness, risk perception, and formal education is likely to increase the probability of incurring avertive cost by 25, 13, and 4%, respectively. Results refl ect that 42% of household adopted at least one avertive measure, i.e., boiling of water, chlorination, purchasing bottled water, and fi lter cartridges. The costs of illness and welfare loss are given in Table 8 .
Cost of Illness and Welfare Loss
The resource opportunity cost approach (also called cost of illness) accounts for real cost in terms of productivity loss and the increase in the resources used for medical care. The environmental effects of water contamination on health can reduce people's wellbeing through the following channels. 1. Cost of disease treatment caused by environmental quality changes (direct cost); 2. Loss of wages during illness (indirect cost); 3. Averting or defensive expenditures and activities associated with attempts to prevent diseases caused by the environmental quality changes. Therefore, cost of illness based on the marginal effects of Pb contamination on the probability of sickness, medical costs, and avertive costs was calculated for the lower bound of marginal willingness to pay. Table 8 exhibits the calculation of cost of illness.
Estimation of Marginal Willingness to Pay per Household (MWTP) (PKR)
For the estimation of MWTP 1 , we estimated a threedemands equation: probability of sickness, probability of 1 A person's willingness to pay for something shows the dollar value she attaches to it. Her willingness to pay for one more unit of a good is thus a dollar measure of the benefi ts the extra unit of the good gives her. As a result, the terms "willingness to pay" and "marginal benefi t" are often used interchangeably. 
Average Economic Cost
Average cost of illness, average avertive cost, average opportunity cost of the leisure hour, and the average opportunity cost of avertive measures were used to calculate the total economic cost as given below:
Average economic cost of Lead contamination = 12,807.9 + 10,260 + 2,302+5,654 = 31,023.9 PKR ($304.29) (Table 8, Fig. 2 ). Fig. 2 shows the composition of various costs incurred by the household on health due to Pb contamination. Loss of earnings (LOI) per household per year was 6%, cost of illness (COI) was of 13%, costs incurred by taking avertive actions (AC) was of 19%, and opportunity cost of leisure hour (OPCLH) was 18%, whereas the opportunity cost of raking avertive measures (OPCAM) was 44% per year.
Welfare Loss
Using the results of estimates in Tables 5, 6 , and 7, the welfare loss to the population of Dingi was measured from water contamination. This study attempted to value the total numbers of sick days in monetary terms by taking into account the workdays lost (absent days), the medical costs, and costs of averting activities to arrive at welfare loss. Tables 9 and 10 comprehend these concepts: The amount of daily wages lost due to absence from work (Table 5) P(M/∆C) 0.137 marginal effects of Lead contamination on medical cost (Table 6) P(A/∆C) 0.266 marginal effects of Lead contamination on avertive cost (Table 7) Medical expenditure 12,807.9 (PKR)
Avertive expenditure 10,260 (PKR) may be taken as the cost of workdays lost due to water contamination-induced sickness for working individuals. (Table 9) 
Procedure to Calculate Welfare Loss in
Discussion
It is evident that Pb has adverse effects on health (Cabral et al., 2006) and thereby economic costs of Pb contamination at the household level has signifi cant importance in devising stringent environmental regulations of a country. It was revealed that the households living closer (100 m) to the source of contamination (wastewater channel) were much exposed to the Pb contamination (Pb-induced sickness, 79%) as compared to households located at increasing distances, i.e. 200 m (55%) and 350 m (12%). This was verifi ed from Pb concentrations in drinking water (Fig. 3) .
Pb contamination was the most infl uential factor in all three dependent variables, i.e., sickness, medical cost, and avertive cost, which accounted for an increase of 19%, 13%, and 23%, respectively, for one unit change in lead contamination. Both sickness and medical costs account for the 16% impact on households with respect to location from the wastewater channel. Moreover, the location is not found to be signifi cant in the probability of avertive costs. The reason could be factors infl uencing the decisions on avertive measures, which further depend on income.
Avertive measures were found to be signifi cant in the determination of probability of sickness and probability of medical costs [35] , because avertive measures adopted by the household depended on the decision of opting for avertive measures, the type of avertive measures, the expenditure incurred on the avertive measures, knowledge of pollution, risk of disease, and income level. As the most expensive types of avertive measures were the installation of fi lter cartridges and the purchase of sealed bottles from the market, both these AMs relate to income level of the household, and the percentage adaption of these two methods were 16% (fi lter cartridge) and14% (bottled water). However, a larger share in adoption of AM was boiling water (41%) and using chemicals like chlorine (29%) because of pollution awareness and risk perception. Accordingly, due to the low level of income, the households are not adapting the fi lter cartridge and bottled water. The major chunk in the avertive cost was of fi lter cartridges and bottled water for their unit price instead of their frequency. This was the main reason that AMs did not emerge as a signifi cant variable in the determination of probability of avertive cost. Education, pollution awareness, and perception of risk were expected to be infl uential factors in determining probabilities of sickness, medical costs, and avertive costs. Our study shows the different dimensions with respect to education and the informal education related to the environment, i.e., pollution awareness. Unexpectedly, we fi nd that the people who have informal knowledge, i.e., general pollution, waterborne diseases, Pb-associated diseases, testing of drinking water, and participation in NGO activity is more tilted toward the adoption of avertive measures. Therefore, pollution awareness and perception of risk are both variables that play a signifi cant role in the reduction of probability of sickness and probability of medical cost, and so they were found to be highly signifi cant. The contributions of pollution awareness and perception of risk were 18% and 6% in probability of sickness (Table 5 ), 20% and 9% in probability of incurring medical (Table 6) , and 25% and 13% in the probability of avertive cost (Table 7) .
Unfortunately, our expectations for education went wrong in determining the probabilities of any dependent variable except in the probability of incurring avertive cost. Although education has not emerged as a signifi cant factor for sickness and medical cost probabilities, it is signifi cant in avertive cost. The results further exhibit that the average number of days lost in a year due to sickness is nine -a low number because most of the household members do their jobs even while ill and do not report sick days lost because of reduced earnings.
It is important to note that the people who are most involved in the religious practice of offering prayers have a larger chance of becoming sick. The reason is that members of the Muslim community offer prayer fi ve times a day along with obligatory ablution (a ritualistic cleaning of parts of the body, including rinsing the mouth with available water). People who do this have much exposure to contaminated water, and thereby increase the prevalence of disease. Another important outcome of avertive behavior signifi es a new trend that people from a poor income group do not expect any intervention for treatment of the water from the government and industry. Consequently, they have adopted themselves to the organized avertive activity of boiling water. As stated earlier, 79% of households use both boiling water and chlorine tablets; still, the impact of chlorination is not signifi cant. People have made a routine practice of boiling water for drinking purposes. It is evident in our results that those who adopt the avertive measures have a low probability of sickness. Moreover, the households are not consistent in adopting the purchase of bottled water and installing the fi lter cartridge because of high initial costs and the maintenance costs. Their annual avertive cost is found to be 19% of the total economic cost of drinking water contamination.
The study also shows that households spend approximately 12,807 (PKR) or ($125) yearly to face lead-associated illness. These expenditures are nearly 5% of the income of the households annually, which is a signifi cant burden on the poor community. Therefore, households are compelled to switch their expenditures from the other utilities' head, which ultimately affects the respective household utility.
It is important to note that the old and rusted public health pipelines and tube wells are not functioning for several years because of energy crises in Pakistan. Based on the present investigations, we recommend the following initiatives be considered by the government and industry: -Installation of new tube wells 600 m from wastewater channel. -Replacement of rusted water pipelines. -The government should install water fi ltration plants to purify and supply safe drinking water. -The industrial estate must assure compliance of industrial effl uent discharge limits as per EPA Pakistan guidelines. -New schemes of the government of Pakistan for the supply of solar energy-driven tube wells can also be provided to such communities. All this can reduce the loss of income, medical costs, avertive costs, the opportunity cost of leisure hour, the opportunity cost of avertive measures, and welfare loss of the already poor income households in Dingi.
Conclusions
Multidisciplinary approaches of economic theory and econometric estimation were applied at the household level to calculate the costs associated with Pb contamination and its associated health impacts. The study revealed that the community could be sensitized through the information dissemination campaign program pertaining to pollution awareness of the lack of resources in developing countries for the installation of a water treatment plant (approximately $5 million). It can reduce the cost of illness. However, the formal education imparted in the schools and colleges did not show any signifi cant infl uence in reducing the probability of sickness, which clearly indicated that there was no practical application of school knowledge in their real-life problems. A compromising behavior of the community was observed in Dingi when their lives were at threat. Results also showed that the community organized themselves at the household level through informal knowledge of Pb contamination, and they adopted avertive measures. These measures proved to be successful in reducing disease risks. The total welfare loss to households in Dingi exposed to Pb contamination was 4.26 million PKR ($42,000). This welfare loss, if extrapolated on 20 more villages along the wastewater channel, account for a substantial monetary loss. Therefore, the government regulatory unit and industry are required to play an active role in mitigating water pollution, ill health, and welfare loss of community.
